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M-i^ w^ofl *tt 5!^, 71* $H ^1 1 

^ #31^, ^71 X) 1 ^<H\ <U^°\] ^}o)A^ tg^S^ ^l^, #71 H^Hf^l 

71* 2 #^g: *8^«Hr *7flSl-, ^>7l ^M*!* ^Tl^H A <M ^1 1 ^^M" 

fl*14 *fl^ 5LM1 ^H% V *r «* ^Hs]- tb^2i ^o.s 4^ M-it 

£ 5 

*q^*h M-^, ^IH^, ^M^h ^>^^>s]s. 
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Lf^ 7 i3 4^ {Method for manufacturing nano-gap electrode device} 

£ la £ le^r 71^1^ -§-^-§- 7>*H ^^^1^1^ ^2fl^ H-^^ 

£ 2a ^} 5L 2c^r #*H^-iM: ?l^r ^5fl^ 

£ 3a ^ 5L 3b^r ^lsHHS^^ ol^-tV ^sflcq ^ ^ o. 

£ 4a .£ 4e^r ^*)o\)o)) u]-^ l}-ti] ^^o) ^ yV^-g- 7^^ 
71 ^tr 

-£ 5^ ^ v ^^] n}^ uJ-^-Tj t^^*}^ #afl 

£ 6a £ 6e^r cj-g. ^aHH] af^ ^ 7^ 

11, 32, 41, 51: 7l^r 12, 21: 
12a, 12b: ^-^^r 13: -g-<^ 
14, 15: ^^1- 16, 33: 
17: 22: #7} 
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23: 24, 36, 46, 55: q-i^ 

31: ^<£uv 34: 

35: ^ 42, 52: ^ 

43, 53: 43a: ^31 °H 

45, 54: *f-i*m ^d^- 

<17> ^ t^^r ^ M-^DlEi(nm) ol*>^1 ^-g: £±= t+ii^ (nano-gap)^r aH^A -jt - 7 flcq 

oil- ^^^>7l aV£^l *l^*jo_s ^SlJl #2JNfe XS&l^i 

^.efl^ (photo- lithography) ^sfl 3.71 <4 ^^-^ #^uf 7 ]-^ ^-cf^ 

(top-down) «V£*ll i*}^ ^3 .El- ^MM^M", ^Sltb U"^^ 7]#^r ^ 

^^ZL ^1^# ^ SX^r ^dL*}* 7fl^>^^, 5)^1^ aHi-^ (bottom-up) 

« 0 >A1^ ^7fi7}7} ^H^S*^. 
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ol^-^H^l^ ^K^^tf* °l-g-*Rr ^01^-0.5. ji^cq ^ 

^1 7>^^>7l trfl^ofl ^tfl 7l#S tfl^£)jl 5£cf. o]z]^V §7^7}^ ^7l^ ^ ^ 7 >» 

<20> ^21H^ 7}^m -^(mechanical stressHM- ^M^r^Kelectromigrat ion)^g- 

«H °M ^"^^ ^ #*H7lfe »o v ^, Sfe #7^ ^^ZLHfl5i](e-beam 

lithography) 7l<^g- o]-g-s>^ ^*J> u^p^o} s.^ 7 j-^ 7,3^ o^y^ * ^7lS|-«j- 

#2}-^ (electrochemical deposit ion ^-i- ^S}^ ^ ^I^r^l S^ofl ^t^-g^rg- ^7} 3. 

^ v *f<4 ^ ^-t- H o V ^ i+i^ ^1^>^^. ZLE^M- n^^. 

<2i> £ la £ lexr ^Hd°fl 7]$}*) -§-^^- 7 >*H ^^M^r ^sfl£] q-i^ t}^7} 

y o v ^* -M^^>7l ^tr £ lb 5L lefe £ la<^l SL^s) A ^-tfl 

<22> £ la!- ^S^, Q&^o] S^tt 71^(11)^ &t£o\) ^ 

(Au) f-Ai ^Hd(12)-8: ^ #7l ^-^(12)^ ^ ^ ^^^o] 

-g-°->Kl3Hl ^4. #71 #^Md(12) -«MH3 # 7 1 71^(11) SHMlfe ^#(14)^- 

Al7lJl ; a>7) #4=^(12) <#^oj 7l^(H) ^M^lfe 7]7]1^ ^^#(15)^- ^^AlTjcf. 
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<23> £ lb 5J lc« 71^1^ ^#(15)ol #£fl<*IM <$7) ^2:#(14)* 

tf'M^ 71^(11)31 ^ "^SLS. 717^1^ -g-^-g- 7>*>^ -g-^H 7>«fl^^| =-^#(12) 

^ 7l^r(ll)ol ^^o.s. $|<H*h=h 

<24> £ ld-fr -g-^ol ^7>M CC^e} 71^(11) Si ^ ^JE7> ^ ^Md(12) 

3 ^ ^-^7> ^(16)01 *§^€ ^(16)-£ A}oH Jf-uL 4^711 £]i=. 

= ^r^(12a ^ 12b) 3 S^^l^r 7>7lS^^ ^7>#(l7)ol ^^^cf. 
<25> £ ^1- #2:^, ^#(14)^ ^ ^^IS. *RVa1 ?1 ^ 71^- 

(ll)ol b)*]^ ^ ^r^(12a ^ 12b)°l ^7>^(17)^r ^}°H1 ^JL <=H ^ 

<26> 4^ if ^**^-(12a ^ 12b)^r ^ <a^-7}#(17)«fl ^7l ^Jl* <?]7>1- ^ $^1 ^ 

<27> o}^ 7)711^ -g-B^ ol^>C^ ^^A] 71^ ^Efl^ 14^7^ #^7} 3j- 

^ ^ ^ c H*>7l7> O^*] 7flM^^f ^ 

<H*M, 7 flS] #^7}# -^X|ofl ^ S^V, ^ 

°fl 7Hfl^l^ 7l7fl^ -g-^o] c^s c^oflJE cg^o. ^^HeI «-7>^7>S] 

S *H*H1 -g-g-^>7l7> o^rf. 
<28> £ 2a £ 2cxr ^H^^(electromigration)^- °]-g-*H ^Hd* 7^ 

<29> s. 2a« %^*>^ , ^7>B1 S^ZLSflSjS}- ^ 7l^s] aVjE^ -^^7l## °l-g-*H 

-r^ M-^lE^ 7}^lb ^Md(21)* 
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<30> 



£ 2b» 



#^(21)^ °<KH1 ^>(22)S Jg-n <&7}*}o) ^-^(21)-a: 



**fl f^St a7i^ ^^-(23)1- 



<31> 



£ 2c# #7]<% ^o] * ^^d(21) ^<HH €*>1: 0 1 #7} Jl-§- 



3 ^ Vo > °l^Rr3l, <^>1^ #*M^-$H ^*fl ^-^^(21)^1 3f-^ ^-^-ol 

A^o. c^a]?)^ M-^tJ ^^7.\ *<H^ ^oj tijilL^ H^o] o] 

^f, ^ A o V ^ l^HfSfl 7^^o) tgo^o^ 7 fl^ U}^7^ ^^-^>1- 

£ 3a 5; £ 3b^ ^7ls^^^ (electrochemical deposition)* °l-§-*r q-i^ 
#^7> ^ « 0 v«i-g- ^^*>7l ^So]cf. 



i 3a« , ^<a^"(31)ol tiV £ ^ 7^(32) $H 7^(33)^- a\o)o\] 

^JL oj^S} - 7 fl^ ^€(34)* ^*H=K a o V71 3fl€ (34)£r ?i^>«l 

SliZL2fl2]^ 7l^^ til£^ ^^7l#* ol-g-^H ^ 7 J(33)^ ^ ^ 

£ 3b# ^S^, ^-71 ^^q- 3XflBl(34)o 1 ] ^7l^7K£Alo].^)l- ^^*>J1 ^-71 ^ 
^ ^(34)* i*^>fe 71^(32) ^4. A o V 7l ^7l^7>* -f-Sfl ^> 

^^(34)^1 9i7}*\^ *m(34)$] s.^} #^(35)°i 

#^#(35)^ *f-v\)7} ^7>s>^ ^-71 7j(33)o| s-o] ^x}^SLsL #o|^Jl 
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<35> zieW °14 *d7\5\-n^^^r o]^ ^aflo] ^ ^ EE*}-, *1 # 

Ti^-Jl M-i^o} S ^ol o.^ a}^ 7^ ^^-i^># ^Alofl ?§^i5}±r ?H ^7> 

°1^jl7} ^ 7l#^ 4^)] 
<36> rcf^ ^ o_ ^gfl 7l#«] ^1^ «fl^*>7l j7 0>^ ^o.S., M-ic^ 

^ ^^7.>£] ^3)- « 0 >^ o. ^fl^fe dl ZL SL^O) olcf. 
<37> A o V 7lt V JS.*^ ^ ^611 V+ic7^ WJ-^^ 71^; ^o]] 

^1 1 *§^Rr ^7^14, ^7l ^ 1 ^^l i^olA^l- ^Tjl^, Aj-yl 

^7] 1 *}^4 2 ^ *}o)o\) L+ic^Jol tgAjsq^JS. nfTfll- i*H5Rr ^lO S 

<38> Aj- 7 1^ ^ ifl# -g- ttf-E M-i^^ ^^^7>^ 

^- 7]^- ^oll *fl 1 ^i^-i- ^*Rr #7114, ^7l 1 #^M- i^Rr #31 ^^^1 di3 
^elovnv^ <g^S>i=. #7114, A o V 7l 1 ^ &#£] ^^«VoV^ ^f;}^ #7114, # 

A A 1 ^ -*7l 71 « ^ 0 H1 ^£ £-3^4 -^^1 ^ 2 #^8- «8^*Hr #314, 

71 *fl 1 #^4 2 ^ A>oHl «^«V^ *j)7^H Aj-7] ^ x *fl 2 A> 

°H1 4^°1 ^^sli^- sfrfe ^7^1* i^>^ ^-^-s. *V4. 
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<40> +z\]o}*\^ a> 71 7l^ ^ 4 l ^6\] tfl*|) ^ ^zj- ^i^all- ^ tg^ 

71 ^*<H #71 ^^M °l-¥-<H*l*l ^5L^ ^HS 

<42> a o 1- 71 ^.^yl-nV^ ^ >7l ^± 7 £o] 3L^ J^o^ *M , #7l 1 

ZL^Jl #7l 71^: #ofl ^Utt T^lS ^^JE^- *}t7 ^'AS 
<43> A o >7| #71 7 j j£ ^ ^ X ^q-ofl # Z}- B» ti] # ^ 

^>Tr ^ *Vcf. 

4 

<44> #71 *H 2 *1^M- ^^^>7l ^ ^-^Al # 7l ^ ! ^zx ^tf o} «-^y>nl- S^«fl^r 

^ * *)--§-] 

<45> <£ ^2:^ ti>^^*V *JaH1# Aj-^§>7)1 ^^^>7lS t.Vcf. 

sflsls^- ^5}^ 3°.^, o^ei7>^l Cf^- ^BflS £^ ^ Sl^, £ ^^7]- cf-g- 

°11 7l^s]^ ^JaHH s^s)^ 53 -B- <=»>M^. °1^>^ ^olH #°1 ^-€- $H ^7fl 

*Vcfjl 7l#l nfl, ^ iflofl ^5. & JL, ZL 30] ^o] ^ 7 fl 

€ 5^. JE^H z}- ^0} -7)lu(- 3 7l^ 4i^<y| £sj ^ ^^-#0. ^3 

53^, si^H ^ ii^i- 



24-11 



102TO30082418 ^ 2004/1/20 

<46> 5. 4a Lflxl £ 4e^ ^ trf q-ic^ ^^^^ « C V^^- 

<47> £ 4a* #S*>^ ( ^l^*>7l ^ 71^(41) $H ^^l-^-i: £i*>Jl sflE^Tj} 

^ ^^fl ^(42)^ ^W<=K ^"71 71^(41)^8: -fr^ , tf2r#, Jl^-7>, ^&)^, ^JE 

<48> £ 4bl" €^(42)^- i^Kr 71^(41) Td^ofl ^ -^o) -g-^wVnV 

(43)^8: ^ # 7 \ ^^H|nV(4 3) ^ a o v 7 ] 7 1^(41) * ^#^(42H <M ^ qz* 

(42)21 ^ofl -g-^ ^IS. ^€ ^ 9X5m °1 tffl ^-s) ^(43)^1 ^ 

<49> £ 4c 1- &^f>}#, ^51^ ^]Z}- n>^3 &oj o}^ ^U_lz^ ^-g- ^*J*}c*] 7)^(41) 

A ^^fl ^(42) S^^l £-^a]-nV( 4 3)^ 7\}7]S\±: ^^( 42 )o] a^ofl ^ «V 

^(43)J^ ol^-^^l ^3flo]Ai(43a)7l- ^ . 

<50> £ 4dl- ^3£llolA-l(43a) ^^-^ ^#51 71^(41) ^*fl ^^(45)* 

*g^*}7) $n 7l^;(41)^ &^°\} f^tW. ^71 ^^-(42)2] 

, f^t^ (e-beam evaporation)^ ^o] ^^-^ u] (step 

coverage) 7> ^ f^^S i*lM*l(43a)^ ^a]-^^ ^-o_^m] 

71^(41) ^(45)°] ^^^cf. o] nfl av 7 ) ^aj^fl £^r(42)-B|- /.^o]^ 

(43a) $H3E. ^^JEIS Aj. 7l ^^fl ^(42)^ *f-V\)7} ^^^nV^ 
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<5i> g^, a o v 7 i ^^-(45)0. fg^ 7l 4^ « o v^ o. s ^^o,] 

* sflE^^H 71^(41) SL^- ^ ^ 5*4. 

<52> £ 4e s. ^-7] i4olA^(43a)l- ^jzi-^c^ 7^0.5.*) ^(42)-4 ¥ 

^*fl ^(45)£l ^Hofl ^lo]A-l(43a) ^1 M-^(46)°l ^^^cf. £ 4efe £ 

5^1 A1-A2 #^-jr SLA] ^l-cf. ^ t^^l 4^ ^oM 4^(46)^ ^ 1 i^^l M- 

<53> £ 6a ^*1 5L 6e^r cf^ 43 4^-73 ^^S] ^ ^ 

<54> _£ 6a» ^*>^, i4t ^l^M 71 ^(51) Sit!- * ^Ei^^> 

^ ^^fl ^(52)* ^W4. ^71 71^(51)^- -B-e), ^-2f#, JL£-*>, ^e}^-, S}-^-# 

<55> 5L 6b» &^*}# , ^*]*fl €^-(52)* S.^}^ 71 ^(51) ^d^l ^1^1 £-el^v 

(53)* ^^tVcf. #7} ^(53)^- ^-7} 71^(51) ^ ^^-#^(52)^1 ^ +\A ^ 

Wll- <8^«H, ^^-?lWlel^7> O)^*}^ ^ 

(52)$] ^ttfofl ^q}^ ^5v € ^ 015.^. *Vt}. ol nfl ^^(53)21 ^ if-?]} 

<56> £ 6c# 1-5^, 4i3f A>-g-«_V Aiz| ^o.^. ^-71 ^(52) ^oHl 

^^^-5V(53)21 <£*f HL^r ^71^ ^AHl ^(52)2] ^4 7^(51) 

S^^l -^aVoV (53 )^ ^=.3 5: 4s. *>4. 
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<57> £ 6d« , #71 ^*fl ^(52) ^Hf^ ^-71 71^(51) ^<H] ^£ ^-s]«]-^ 

(53) ^^-(54)-ir *g^*}7l ^*fl ^ofl ^tbcf. #7l 3} 

^(52)^ ^l^cf ^=7fl ^J-SH, ^-T^s]^}- ^ ^zj-^ 

o. o)^-e>^ #7l ^(52) «-^^ ( 5 3) a^^l^r ^3*] &51^- 

^-71 #^(52) ^HfS] ^-^^-^(53) ^q-(54)ol ^^uf. 

<58> o] nfl # 7 ] ^(52) ^^l-^o] flVjjo^ ^^- (52 )o) - 

<59> t^th ^71 ^(54)* ^^^>7l y o V ^^-S f^tb 

* sflEi^^H ^71 ^(52) #7] 7^(51) ^£ ^^HVnV( 53 ) o^nl 

^(54)°1 ^ ^ ilcf. 

<60> . £ 6e« ^S}^, ^^-(52)4 ^-^^ ^(54) « 3 tiVnV( 53 ).g. 

^l^*>o.S.^ ^(52)^ ^(54)^ A\o]d\) ^-7} «- a] 01-^(53) 

D Jr^ i4^^|(55)ol ^^^cf. £ <£^<H| 0}=^ A o v 7l 14^^(55)0] ^o. x ^ ^ v+i^nl 

<61> ^Hfl^ ^l-oflA^ ^-^U) ^^-§r ^^^Z. ^ 

3", ^ A o V *fl# lH4^ ^ olol ^jo} 71)^32). A] S ]^ol ^^17]- 

°l-§-*>^ M-i^ 7 ^^ $1*1 ^ ^^Ml aflo^ ^ ol^- ^ O^S]-, -^oj^ ^-^-oj 

M-^^* 7fl^ SiTfl XI ^ ^ Slcf. at!: ^^^-5. cf^^l M-^^ ^^71-1- 
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4 *J A o V *fl^ &7fl THH^V + ol^- o>q£l- ^l£o] ^ o.^ ^ 
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1] 

a) 71* $H ^ i ^^g. ^<q., 

b) #71 *fl 1 #q-<3} ^4°1^» *§#*Rr ^31^, 

c) #7l ^^Jf^l 71* #4| ^1 2 ^-fr ^#*Rr ^7}1<4, 

d) #7l ^51101^1- ^7^}^ #71 1 afl 2 ^ ^±Qo] ^^S)J£S. 

[3^*8- 2] 

>fl 1 %H1 &<H>M, #71 7l*^ -frB], #21-1-, Jl^-7>, #Sl^, Sl-^-1- ti>£^l, #4?, 
Sl^r olt^l ol =^^1 ^ ufi^ afl^ . 

[^^8" 3] 

^ 1 *<M1 #71 ^S|l°H^r AV 7 ) u^tJo} ^15. ^#*Hr 

4] 

*11 1 %H1 #71 1 ifl^l ^ M-^D] O) ^#*>^ ^-g; ^ 

^ 14^^ ^i^7>^ ^4 
[^T 2 -* 5] 

*fl 1 IN 91°]*] , #7l ^H^tt #71 71* ^ 1 ^ofl cfl«fl ^ #4 ^lijall- 

^ ^#s}^ ^1- ^ 14^7^ ^q.^^ ^ « o v^ 
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6] 

*H 1 *oHl &°1>H, #7] b)fe ^7] *fl 1 #^hi- 3E^>Rr ^71 71^; -^o\) ^ ^ 

-S-71 71^2}- afl 1 g_#2] g^nS: ^}7)S\$z ^7} *fl 1 ^^^ n Jr 

^ *}^r q-ii^ ^^7}$] ^4 aj-^. 

13^8" 7] 

*ll 6 &<H>H, ^7l ^^«|nV^ ^. 7l ^ ! 3^.0} K ^ 7 }^ 

8] 

[^t 1 * 9] 
10] 

all 9 *cHl &<>H, ^71 ^ #7}^ ^^SLsL #*3*Hr ?J-gr ^ AsL ^ 

[3^8- 11] 

7l^r $H XI l ^-i- ^l^, 
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^71 XI 1 Z.^*}$r ^Xl A cHf^l ±% if-ns) t£t)]9±, 

#71 Xl 1 ^ ^^HVoV^. Xl?l*Rr ^^2f, 

^71 Xl 1 ^ ^- 7 1 7l# #6f| <8>S€ $H XI 2 *8^*}fe £ 

^ xl*)- 

12] 

XI 11 ^71 ^sl«v^ 14^7^^ s.^ <§^*}^, 4V7I 

X] 1 ^ , ZL^JL ^7} 7)% ^Hl ^Utt ^V^tz^ s>ir ^ 

JlS <5>^r 14^^ X14 y o^ • 

13] 

XI 11 %H1 -*7l ^-S]^^r 4>7l 7^ ^ XI 1 cflSfl ^ A]EBH] 

♦ 5Hr ^ ^ *}±r 5}^ u^tJ *i^7}°l Xl^ wj-^. 

14] 

X] 1 *J- SE^r XI 11 *<H1 oio^ ( 4V7I XI 2 ^71 XI 1 ?f-v))s_ ^ 

^*Rr ^-t- ^JlJL ^ M-ii^ XI 4 

t^^%> 15] 

X] 11 %H1 $a°H, A o V 7l XI 2 3^M- ^^^>7] ^ a o V 7 ] ^ ! q=l ^tf 
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IS. la] 
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[II 2a] 
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[51 2b] 
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[51 3al 
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15. 4a] 




IS. 4c] 

43a 
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4e] 



46 
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15- 6cl 




[5. 6d] 




6e] 
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